]. The analysis and ecological interpretation of this issue are complex, but low levels of cover in the unmanipulated reference plots at some of our sites (sometimes 50% at the annual-dominated Portuguese field site) provide evidence against the automatic exclusion of plots with low cover.
masses at different locations [F 29,235 ϭ 3.77, P Ͻ 0.001 ( Table 3) ]. 29. Each species or functional group was added individually to the multiple regression models in Table 3 . Fitting each species or group separately meant that the effect attributed to each was maximized. Our ability to test the effects of the grass functional group was limited, because most of the assemblages included grasses. 30. E. Garnier, M.-L. Navas, M. P. Austin, J. M. Lilley, R. M.
Gifford, Acta Oecol. 18, 657 (1997). 31. We performed simple regressions of the estimated per-plant biomass of 14 species across a gradient of increasing species richness (on a log 2 scale) after adjusting for differences between locations and blocks by taking residuals from analyses with these terms [seven of the species showed significantly different responses at different sites ( Table 4) ]. We expected slopes of zero where intraspecific competition was equal to competition with other species and expected positive and negative slopes where it was more and less intense, respectively. Under the sampling hypothesis, we expected approximately equal distributions of positive and negative slopes. In contrast, 12 of the 14 species had slopes that were positive; 8 significantly so. Two species had slopes that were negative, but neither was significantly different from zero. 32. J. L. Harper, Population Biology of Plants (Academic Press, London, 1977 Masses of single-walled carbon nanotubes (SWNTs) with a large mean diameter of about 1.85 nanometers, synthesized by a semicontinuous hydrogen arc discharge method, were employed for hydrogen adsorption experiments in their as-prepared and pretreated states. A hydrogen storage capacity of 4.2 weight percent, or a hydrogen to carbon atom ratio of 0.52, was achieved reproducibly at room temperature under a modestly high pressure (about 10 megapascal) for a SWNT sample of about 500 milligram weight that was soaked in hydrochloric acid and then heat-treated in vacuum. Moreover, 78.3 percent of the adsorbed hydrogen (3.3 weight percent) could be released under ambient pressure at room temperature, while the release of the residual stored hydrogen (0.9 weight percent) required some heating of the sample. Because the SWNTs can be easily produced and show reproducible and modestly high hydrogen uptake at room temperature, they show promise as an effective hydrogen storage material.
Hydrogen (H 2 ) has attracted a great deal of attention as an energy source. Once it is generated, its use as a fuel creates neither air pollution nor greenhouse gas emissions. However, no practical means for H 2 storage and transportation have yet been developed. Of the problems to be solved for the utilization of hydrogen energy, how to store H 2 easily and cheaply has been given high priority on the research agenda. Recently, carbon nanotubes and carbon nanofibers were reported to be very promising candidates for H 2 uptake. Dillon et al.
(1) first measured the H 2 adsorption capacity of an asprepared soot containing only about 0.1 to 0.2 weight % SWNTs at 133 K, from which they extrapolated an H 2 adsorptivity for pure SWNTs of 5 to 10 weight % (the weight of H 2 adsorbed divided by the weight of SWNTs plus the H 2 adsorbed by the SWNTs), and predicted that SWNTs with a diameter of between 1.63 and 2 nm would come close to the target H 2 uptake density of 6.5 weight %. Ye et al. (2) reported that a ratio of H to C atoms of about 1.0 was obtained for crystalline ropes of SWNTs at a cryogenic temperature of 80 K and pressures Ͼ12 MPa. Instead of SWNTs, Chambers et al. (3) claimed that tubular, platelet, and herringbone forms of carbon nanofibers were capable of adsorbing in excess of 11, 45, and 67 weight % of H 2 , respectively, at room temperature and at a pressure of 12 MPa. More recently, Chen et al. (4) reported that a high H 2 uptake of 20 and 14 weight % can be achieved for Li-doped and K-doped multi-walled carbon nanotubes (MWNTs) in milligram quantities, respectively, under ambient pressure. The Kdoped MWNTs can adsorb H 2 at room temperature, but they are chemically unstable, whereas the Li-doped MWNTs are chemically stable, but require elevated temperatures (473 to 673 K) for maximum adsorption and desorption of H 2 .
We measured the H 2 storage capacity of SWNTs synthesized by a hydrogen arc-discharge method, with a relatively large sample quantity (about 500 mg) at ambient temperature under a modestly high pressure. A H 2 uptake of 4.2 weight %, which corresponds to a H/C atom ratio of 0.52, was obtained by these SWNTs with an estimated purity of 50 weight %. Also, ϳ80% of the adsorbed H 2 can be released at room temperature. These results indicate that SWNTs are highly promising for H 2 adsorption even at room temperature.
A semi-continuous hydrogen arc discharge technique was used for the synthesis of the SWNTs (5). In comparison to the traditional electric arc method (6), this method is characterized by (i) a large rotatable cylindrical anode (400 mm in diameter and 35 mm in height) composed of evenly dispersed graphite powder (94.5 atomic %), with Ni, Co, and Fe powders (3, 0.75, and 0.75 atomic %, respectively) as catalysts and FeS (1 atomic %) as a growth promoter. Furthermore, the electrodes are not vertically opposite each other, but rather make an oblique angle. (ii) H 2 rather than He gas was selected as a buffer gas. (iii) The addition of a sulfurcontaining growth promoter was found to be critical. The rotatable large anode makes our synthesis procedure a semi-continuous one, and a yield of about 2 g of SWNTs per hour can be achieved reproducibly. There are mainly two kinds of products obtained: thin films that peeled off from the upper chamber wall and a web-like substance that hangs between the cathode and the upper chamber wall. Both kinds of products are lightweight and sticky. We show a high-resolution scanning electron microscope (HRSEM) image of the as-prepared thin-film substance (Fig. 1) , in which SWNT bundles (ϳ20 nm in diameter) that are entangled with one another can be observed. The results from thermogravimetric measurements showed that the content of the catalyst residue in our products was ϳ40 weight %, so the purity of our SWNTs may be in the range of 50 to 60 weight %. Results from Raman scattering measurements and HRSEM and high-resolution transmission electron microscope (HRTEM) observations were also performed to confirm the high quality of the products (5).
We carried out H 2 adsorption experiments with the as-prepared SWNTs, as well as with samples after some pretreatment. Three samples of SWNTs (each of ϳ500 mg in weight) were collected from a batch of as-prepared SWNTs, but were pretreated in three different ways, and then were denoted as sample 1, sample 2, and sample 3. Their pretreatment processing methods and the H 2 adsorption amounts are listed in Table 1 . A schematic diagram of the apparatus used for the H 2 adsorption experiments is illustrated (Fig. 2) . The apparatus consists of a copper sample cell, a stainless steel H 2 reservoir container, a H 2 source (99.999% in purity), a vacuum system, a high-pressure gauge, and high-pressure bellows valves through which the above components are all connected. The volume of the system was measured to be 45.10 ml. Blank experiments were done several times before and after the H 2 storage measurements to verify that the apparatus was leak-free.
In the H 2 adsorption experiments, each of the SWNT samples was placed in the sample cell and heated to 423 K. The system was then fully vacuum-degassed for several hours (the vacuum in the sample cell was measured to be about 1.3 Pa torr in the control experiment). When the sample cell was cooled to room temperature (about 298 K), H 2 was admitted into the apparatus to a certain pressure (about 10 to 12 MPa) and the H 2 adsorption began. The changes in pressure were monitored versus time. The results for the H 2 adsorption in weight % are shown (Fig. 3) for the three samples that were measured. The adsorption rate decreases after the first 60 min, and at that time, ϳ70% of the whole adsorption capacity is achieved.
The H 2 storage capacities for the three samples, from highest capacity to lowest, are sample 3 Ͼ sample 2 Ͼ sample 1. Sample 2 was soaked in HCl acid (37%) for 48 hours to partly eliminate the residual catalysts and was then rinsed with de-ionized water; it showed a somewhat higher H 2 adsorption capacity than sample 1 (the as-prepared product). This indicates that catalyst particles are probably inert with regard to H 2 adsorption. Sample 3, in comparison to sample 2, was heat-treated in vacuum at 773 K for 2 hours after receiving the same pretreatment as sample 2. A large increase in adsorption capacity for sample 3 relative to samples 1 and 2 was observed (Fig. 3) . The heat treatment in vacuum could evaporate organic compounds (such as naphthalene and anthracene) and organic functional groups that had formed on the surface of SWNTs during the synthesis pro- Table 1 . Uptake of H 2 for three samples. Sample 1 was used as-synthesized. Sample 2 was soaked in 37% HCl acid for 48 hours, rinsed with deionized water, and dried at 423 K. Sample 3 was pretreated in the same way as sample 2, then vacuum heat-treated for 2 hours at 773 K. All samples were placed in the sample cell, heated at 423 K, degassed in vacuum for several hours, and then exposed to 100 to 120 atm of H 2 at 298 K until equilibrium was achieved (typically 6 hours). The storage capacity we report is based on the pressure changes described above. After the samples were returned to ambient pressure, some of the hydrogen was found to not desorb; this residual hydrogen storage (at room temperature) is expressed as a percentage of the total storage capacity. The values reported have an error of Ͻ0.38 weight %. cedure and acid washing. In fact, almost no organic substances could be detected by gas chromatography-mass spectrometry after the vacuum heat treatment. These results indicate that the surface pretreatment of the sample is of great importance for improving the H 2 storage capacity of SWNTs, and systematic investigations of the pretreatment need to be carried out. After adsorption equilibrium was achieved, the H 2 in the system was vented. The samples were then brought out and weighed, the results of which are shown in Table 1 . There was a weight increase (0.5 to 1 weight %) for all three samples even after the stored H 2 was desorbed at room temperature. This implies that a certain amount of H 2 storage (21 to 25% of the total adsorbed H 2 ) could not be desorbed at ambient pressure and temperature. We tried heating these samples at 473 K and found that the weight increase disappeared, showing that essentially all the H 2 can be desorbed at elevated temperatures. This part of the residual H 2 may be related to chemical adsorption, which requires a higher energy for desorption. A few H 2 adsorption/desorption cycles were also carried out using the same experimental apparatus and parameters. The results show that after four cycles of adsorption/desorption, the H 2 uptake capacity of the SWNTs remained almost unchanged. The H 2 pressure has a great influence on its storage in the SWNTs. It was found that only a small amount of H 2 (less than 1 weight %) can be stored at pressures lower than 5 MPa, which is consistent with the results obtained at a cryogenic temperature of 80 K by Ye et al. (2) .
The SWNT purity for sample 3 was estimated to be about 50 to 60 weight % from the results of thermogravimetric measurements and microscopic observations. It can then be expected that the H 2 adsorption capacity of pure SWNTs will likely be larger than 4.2 weight % even at room temperature under modestly high pressure. We argue that this relatively high H 2 adsorption capacity of our SWNTs may be related to their larger mean diameter. The results from our HRTEM observations show that our SWNTs have a mean diameter of 1.85 Ϯ 0.05 nm, while typical SWNT diameters are in the range of about 1.2 to 1.4 nm (6, 7) . From the Raman scattering spectrum of the sample, we found main peaks at 121 and 138 cm Ϫ1 in the low-frequency band, which was down-shifted from the corresponding Raman band for the SWNTs synthesized by the laser ablation method (7). These low-frequency peaks are considered to be related to the radial breathing mode (RBM) vibration of SWNTs, and the frequency of this radial mode is inversely proportional to the diameter of the SWNTs (8 (1, 9) . The larger mean diameter of our SWNTs can be attributed to the addition of a sulfur-containing growth promoter (10, 11) , which is a characteristic of our synthesis technique.
Although a H 2 adsorption capacity of 4.2 weight % was achieved at room temperature under modestly high pressure on the SWNTs synthesized by a semi-continuous hydrogen arc discharge method, further investigations are needed for this potentially high-capacity H 2 storage material.
Polycationic Peptides from Diatom Biosilica That Direct Silica Nanosphere Formation Nils Kröger,* Rainer Deutzmann, Manfred Sumper Diatom cell walls are regarded as a paradigm for controlled production of nanostructured silica, but the mechanisms allowing biosilicification to proceed at ambient temperature at high rates have remained enigmatic. A set of polycationic peptides (called silaffins) isolated from diatom cell walls were shown to generate networks of silica nanospheres within seconds when added to a solution of silicic acid. Silaffins contain covalently modified lysine-lysine elements. The first lysine bears a polyamine consisting of 6 to 11 repeats of the N-methyl-propylamine unit. The second lysine was identified as ε-N,N-dimethyllysine. These modifications drastically influence the silica-precipitating activity of silaffins.
The chemical synthesis of silica-based materials like resins, molecular sieves, and catalysts requires extremes of temperature, pressure, and pH. In contrast, biosilicification proceeds at ambient temperatures and pressures, producing an amazing diversity of nanostructured frameworks (1-4) . The silica cell wall of diatoms consists of two overlapping valves, and their structure is precisely controlled by the cell. During cell division a new valve is formed in minutes by controlled precipitation of silica within a specialized membrane vesicle called silica deposition vesicle (SDV) (5) . Electron microscopic evidence indicates that the silica is initially deposited in the form of nanoscale spheres, suggesting the presence of components within the diatom cell that control silica sphere formation (6, 7) . However, the molecular structure of these components has remained elusive. It is well established that amorphous silica in diatom cell walls is intimately associated with organic substances that have been hypothesized to act as regulating molecules in biosilicification (8) (9) (10) .
We examined the protein composition of cell walls from the diatom Cylindrotheca fusiformis (Fig. 1) . Extraction of purified cell walls with EDTA led to the characterization of a Ca 2ϩ -binding protein family called frustulins (11) . Even after harsh extraction procedures with boiling SDS solutions the resulting silica preparation still contains tightly bound organic material that is recovered only after solubilizing silica with anhydrous hydrogen fluoride (HF). This HF-extractable material consists of two main protein fractions: a high molecular mass protein family, termed HEPs, that is localized at a specific substructure of the cell wall (12) , and a low molecular mass fraction with apparent Lehrstuhl Biochemie I, Universität Regensburg, 93053 Regensburg, Germany.
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